The addition of latex particles to native (no anticoagulant) or citratcd human platclctrich plasma (PRP), or to a once-washed platelct suspension causes platelet aggregation. This aggregation is associated with phagocytosis of t'ae latex particles by the platelets and appcars to be due to release of adenosine diphosphate (ADP) from the platclets. Adenosinc and adenosine monophosphate, which are known to inhibit platelet aggregation induced by ADP, also block that induced by latex. These compounds do not prevent the phagocytosis of latex particles by the platelet. The addition of iodoacctate and 2,4-dinitrophcnol in appropriate concentrations to the PRP, prior to the addition of the latex, blocks platelet aggregation and phagocytosis. This is also true for the chelating agent ethylenediaminetetraacetate (EDTA). Platclets left in contact with latex for a sufficient period of time show loss of their granules. Leucocytcs phagocytose both latex and platelets that had themselves phagocytosed latex. It is concluded that phagocytosis of latex particlcs by platelcts rcscmblcs that by white cells, and that in both processes metabolic changes appear to bc involved.
INTRODUCTION
While developing a method for studying thc adherence and aggregation of platclets caused by latex particles (1), we unexpectedly found that many of the particles had been phagocytosed by the platelets. Although at the time of our observations we were not aware of it, DavidFcrreira (2, 3) and Schulz (4) had prcviously described phagocytosis of thorium and silicone dioxide, respectively, by platelets, and other investigators had made incidental observations which suggest that platelets can phagocytose particulate matter (5, 6) .
In this paper we present our observations on the phagocytosis of latex particles by platelets, which occurs during their aggregation induced by latex particles. Data on the effect of inhibition of aggregation and phagocytosis are also presented.
MATERIALS AND METHODS

Blood
Blood was taken from human volunteers by means of gauge 18 stainless steel needles and siliconecoated glass syringes. The blood was placed either in a silicone-coated glass centrifuge tube containing no anticoagulant (native blood) or in one containing anticoagulant (EDTA or citrate) in the proportions of 1 part anticoagulant solution to 9 parts blood. Sodium citrate in a 3.8 per cent solution and ethylenediaminetetraacetate (disodium salt) as a 1.5 per cent solution were made up as previously described (7) . Platelet-rich plasma (PRP) was prepared by centrifuging the blood at 800 RPM (relative centrifugal force (RCF) 120g) at 4°C for 10 minutes in a Servall RC-2 centrifuge. The PRP was kept in a siliconecoated glass tube in an ice bath until used.
Tyrode-Gelatin or Tyrode-Albumin Solution
Sufficient gelatin or bovine serum albumin was added to a sterile tyrode solution to give a final protein concentration of 0.25 per cent.
Platelet Suspension
Platelet-rich plasma prepared from blood taken into EDTA as described above was centrifuged at 810 g at 4°C for 12 minutes. The supernatant was discarded and the platelet button gently suspended in an EDTA-tyrode-albumin solution (1 part EDTA solution to l0 parts tyrode-albumin solution). The suspension was centrifuged at 810 g at 4°C and the platelet button suspended in a tyrode-gelatin solution without EDTA to give a final platelet concentration of 300,000 per mm 3. Platelet suspensions in which the platelets were not adequately preserved were discarded. In the suspensions used, the platelets were as well preserved as in PRP (Fig. 4) .
Latex
The latex used in these studies was obtained from Hyland Laboratories, Los Angeles, California (Hyrex) or from the Dow Chemical Company, Midland, MichiganJ The particles came either as a 5 or 10 per cent suspension. The latex particles used in most experiments had an average diameter of 0.3 t~. For some of the experiments the latex suspensions were dialyzed against repeated changes of distilled water and reconstituted in distilled water as solutions containing 5 or 10 per cent solids.
Colloidal Carbon
A suspension of carbon was prepared by suspending carbon Cl 1-1431-A (Guenther Wagner, PelikanWerke, Hanover, Germany) in tyrode-gelatin or 1We wish to thank Dr. J. W. Vanderhoff of the Dow Chemical Company for sending us the supplies of latex.
tyrode-albumin (final concentration, 10 mg/ntl). The carbon was washed twice with sterile buffered saline before making the suspension. The particle size was approximately 200 to 250 A.
Imidazole Buffer
Imidazole (1.72 gin) was dissolved in 90 ml of 0.1 N HC1 and diluted to 100 ml with distilled water. This gave a buffer solution with a pH of 7.3.
Nucleotides and Nucleosides
Adenosine, adenosine monophosphate (AMP), adenosine diphosphate (ADP), and adenosine triphosphate (ATP) were purchased from the Cali- 
Experimental Procedure
1 part of latex suspension or colloidal carbon was added to l0 parts of PRP or platelet suspension. In some experiments adenine nucleotides or heparin had been added to the PRP 5 minutes prior to adding the latex. These solutions were (unless otherwise indicated) added in the proportion of 1 part test material to 10 parts PRP or platelet suspension.
Platelet Aggregation
The amount of platelet aggregation induced by the latex particles or other agents was estimated by means of an electronic counter (Coulter counter). The method is described in detail elsewhere (1) .
Adenosine Diphosphate Release
The ADP level in the supernatant from latex platelet suspension mixtures was measured by a method described elsewhere (1). 
Preparation of Tissue for Electron Microscopy
The platelets were fixed by mixing the PRP or platelet suspension with fixative. The fixative consisted of cold 2 per cent buffered (Veronal-acetate, pH 7.4) osmium tetroxide containing 4.5 per cent sucrose. 1 part PRP or platelet suspension was mixed thoroughly with 5 parts fixative for 1 minute, and the tubes were then centrifuged at 810 g for l0 minutes in an RC-2 refrigerated centrifuge at 4°C. The supernatant was discarded and the button resuspended in cold buffered osmium tetroxide containing 0.2 per cent CaC12 and fixed for another l0 minutes. With platelet aggregates the fixation time was 5 minutes followed by centrifugation for 10 minutes, resuspension, and further fixation in the CaC12-containing solution for 15 minutes. Postfixation with osmium tetroxide containing CaC12 was found to prevent disruption of membranes. Following dehydration in graded alcohols, the button was embedded in Epon 812. Sections, 1/~# thick, were cut and stained with alkalinized azure II. After selecting an appropriate area with the light microscope, ultrathin sections were cut and stained with lead hydroxide. These sections were picked up on uncoated copper grids and examined in an RCA EMU-3 E electron microscope. Fig. 1 shows the platelet aggregation induced when latex is added to citrated PRP. Fig. 2 shows the inhibition of the reaction by EDTA. The addition of thrombin to an EDTA-PRP-Iatex mixture did not cause platelet aggregation although fibrin formed (Fig. 3) . After examination by light microscopy appropriate areas were then selected and sectioned for electron microscopy.
RESULTS
The appearance of a platelet in a once-washed suspension is shown in Fig. 4 . Figs. 5 and 6 are electron micrographs of platelets in mixtures of latex and native PRP which were fixed prior to the onset of clotting. In Fig. 5 , latex particles can be seen inside vacuoles. In Fig. 6 , a latex particle attached to the surface appears to be nearly surrounded by extensions of the platelet membrane, and a row of particles can be seen in an invagination. Similar observations were made with mixtures of latex and citrated PRP. Following phagocytosis of latex particles, platelet aggregation almost invariably occurred (Fig. 7) .
In our initial studies, we had observed that latex induced release of ADP from platelets (Table I) . It is known that ADP causes platelets to adhere to each other and that AMP and adenosine inhibit platelet aggregation induced by thrombin and ADP. AMP added to citrated PRP or a platelet suspension inhibited platelet aggregation induced by latex particles (Table I) . Electron microscopy showed that, although there was uptake of latex particles by the platelets in the presence of AMP (final AMP concentration, 9.9 X 10 -5 M), there was no platelet aggregation. In these studies however, ADP release was not inhibited (Table I ). Similar observations were made when adenosine was added to citrated PRP prior to the addition of latex (final adenosine concentration, 9.9 X 10 -~M).
Adenosine diphosphate is known to be ineffective in causing platelet aggregation in EDTA plasma. When latex was added to EDTA-PRP, very few latex particles were found inside the platelets and no evidence of platelet aggregation was observed (Fig. 8) . The addition of thrombin to an EDTA-PRP-Iatex mixture did not cause platelet aggregation or any apparent uptake of latex particles by the platelets, but caused fibrin formation (Fig. 3) .
The addition of both 2,4-dinitrophenol and iodoacetate to citrated PRP also inhibited the latex-platelet reaction, the approximate final plasma concentration of 2,4-dinitrophenol being 2.5 X 10-4M and of iodoacetate 5 X 10--SM. Either compound used separately at twice this concentration did not inhibit platelet phagocytosis or aggregation (Table II) . Platelets washed once and suspended in tyrode-gelatin were capable of taking up latex particles.
Latex-PRP mixtures allowed to incubate at 37°C for 1 hour showed large aggregates of platelets with degranulation and swelling at the periphery (Fig. 9) . Latex particles were not found in or adherent to red cells. They were found inside polymorphonuclear leucocytes and monocytes (Fig. 10) . In some instances, these cells had phagocytosed platelets containing latex particles (Fig. 10) .
Platelet phagocytosis and aggregation were also observed when a suspension of colloidal carbon was added to citrated P R P (Figs. 11 and  12 ).
D I S C U S S I O N
It can be argucd that the latex particles seen were not in vacuoles within the platelet but in invaginations cut in such a way as to give the impression of vacuoles. However, when invaginations were encountered they were seldom deeper than the diameter of the latex particles, and the majority of the phagocytotic vacuoles containing latex or carbon were in the depths of the platelets. Furthermore, in vivo experiments using colloidal carbon as a tracer showed the presence of these small particles inside well defined platelet vacuoles (8) . These findings are in keeping with the evidence presented by earlier investigators that platelets phagocytose thorotrast and other particulate matter (2-6).
The platelet aggregation caused by latex is associated with release from the platelets of ADP (1), a compound known to induce platelet aggregation. When AMP or adenosine (compounds known to inhibit ADP-induced platelet aggregaa number of cells, phagocytosis by platelets is sensitive to metabolic inhibitors. It appears that, to achieve this, it is necessary to use an inhibitor of glycolysis together with one interfering with oxidative phosphorylation. A further similarity between white cells and platelets is that EDTA inhibits their phagocytosis and aggregation. This suggests that divalent cations are necessary for the reaction. The failure of citrate to inhibit the reaction is probably due to the fact that it is less effective in binding divalent cations.
The platelet granules are considered to be lysosomes (15) . During phagocytosis of antigenantibody precipitates by polymorphonuclear leukocytes, the granules in the latter ceils fuse with the phagocytosed material and lysis of the granules occurs until the cell becomes completely degranu- don) was added to citrated PRP or platelet suspensions, aggregation of platelets by latex was inhibited. Neither of these compounds prevented phagocytosis of latex particles by platelets or the release of platelet ADP. This evidence is compatible with the hypothesis that latex-induced platelet aggregation is caused by ADP released from the platelets during phagocytosis. These observations bear a striking similarity to those which have been reported for platelets that come into contact with collagen fibers (9) (10) (11) . The collagen surface appears to cause metabolic changes in the platelets leading to the release of ADP, which then induces platelet aggregation.
The phagocytosis of latex particles by platelets resembles the reaction between latex and leukocytes and the reaction described as occurring between Ehrlich ascites carcinoma cells and latex (12) (13) (14) . As has been found in studies with lated (16, 17) . Degranulation in platelets following phagocytosis of antigen-antibody complexes resembles that seen in leukocytes (18) . A similar process was observed when platelets ingested latex particles.
It is of some interest that, in these studies with latex particles, polymorphonuclear leukocytes and monocytes were found containing platelets within them. It has previously been suggested that white cells can phagocytose platelets (19) , and our observations would indicate that this is so. It would be of interest to know whether white cells preferentially phagocytose platelets which have themselves taken up some particulate matter.
Phagocytosis by platelets seems to be a fairly widespread phenomenon. In addition to the early studies of this process (2-6), it has also been observed that antigen-antibody complexes (18) are phagocytosed by platelets, and there are reports of virus particles in vacuoles inside plate- ~/This refers to the count of the diluted samples in the Coulter counter. The threshold setting at 7 was such that the microscopic platelet count in the platelet-rich plasma correlated closely with that obtained in the counter for untreated plasma, making corrections for the dilution factors. § The values are the mean for 3 experiments with the same blood sample.
lets (20, 21) . It may be that the platelet phagocytosis is important in the organism's defense mechanism.
FIOURB 9 One-hour-old aggregate. Although membranes are still well preserved, the outline of individual platelets is no longer recognizable. The aggregate is studded with latex particles, but no platelet granules can be seen. The edge of the aggregate is in the left upper corner. )< 35,500.
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THE JOURNAL OF CELL BIOLOGY " VOLUME 27, 1963 FIGVRE 10 A monocyte which has taken up several latex particles (lx) and a platelet, which in turn contains latex particles, nuc, nucleus; mit, mitochondrion; vae, vacuole. X 85,500.
